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Consumption of anthelmintic fox baits by target
and non-target mammals in Japan

Yuna Sakurai, Kohji Uraguchi, Hirokazu Kouguchi & Tatsuo Oshida*

ABSTRACT. Echinococcosis is a zoonosis caused by the tapeworm Echinococcus multilocularis, which
uses red fox (Vulpes vulpes) as a principle definitive host. To decrease E. multilocularis prevalence in red
foxes, feeding the “fox bait” containing anthelmintic praziquantel to red foxes is effective. However, a
previous investigation conducted in Hokkaido, Japan showed that raccoon dogs (Nyctereutes viverrinus
albus), raccoons (Procyon lotor), domestic cats (Felis catus), and murids frequently consumed fox baits
without the anthelmintic praziquantel, suggesting they compete with red foxes for the bait. On the other
hand, anthelmintic praziquantel has a bitter taste and unpleasant odor to dogs (Canis lupus familiaris) and
cats. The inclusion of anthelmintic praziquantel in the bait may deter the consumption of fox baits by non-
target mammals. Therefore, by using camera traps, we examined the seasonal consumption of fox baits with
the anthelmintic praziquantel by mammals in Memuro, Tokachi District, Hokkaido, Japan, from May to
October, 2019. We found that red foxes, raccoons, raccoon dogs, murids, and Eurasian red squirrels (Sciurus
vulgaris) frequently consumed fox baits. Therefore, the bitterness and smell of the bait do not efficiently
work to prevent consumption by non-target mammals. Of those, raccoon dogs were most frequent consumers
of the fox bait. Raccoons and Eurasian red squirrels also frequently consumed the fox bait, especially in
spring and in autumn, respectively. These results show competition for fox baits by non-target mammals.
This should be considered for planning of the baiting campaign.
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NMoepaHne aHTUreNbMUHTHbIX npuMaHoOK AnA nucuy uerieBbiMn
M HeueneBbIMU MJIEKONMUTAKOWNMU B ANOHUM

l0. Cakypau, K. Yparyuum, X. Koryuu, T. Owmnpa*

PE3IOME. DXHHOKOKKO3 — 3TO 300HO3, BEI3BIBAEMBIi JICHTOUHBIM YepBeM Echinococcus multilocularis, npu
9TOM B KaU€CTBE OCHOBHOTO XO35IMHA BBICTYTACT JIMCHIIA Vilpes vulpes. s CHIOKEHNS pacpOCTPaHEHHOCTH
E. multilocularis, TpUMEHSIOT CHENUAIBHYIO «IIPUMAHKY JUIS JINCHID), COJACPIKAILYI0 aHTUTeIbMUHTHBINA
npasukBanTen. OfHAKO MPEAbIyIIee HCCIe0BaHNue, IIPOBEICHHOE Ha XOKKai10, AnoHus, mokasano, 4To
eHOoTOBHUAHBIC cobaku (Nyctereutes viverrinus albus), enotsl (Procyon lotor), nomaiinue komku (Felis
catus) ¥ MBILIEBUIHBIE TPBI3YHBI 4aCTO YIOTPEOIISUIN NPUMAHKH JUTs JIMCHI] O€3 Mpa3uKBaHTeNa, YTO O3B0~
JSIET MPEIOI0KUTD, YTO OHH MOTYT KOHKYpUPOBaTh ¢ jJucuuamu. C Ipyroif CTOpOHBI, aHTUT€JIbMUHTHBIN
MIPa3UKBAHTEJI MMEET TOPbKHI BKYC M HETIPUATHBIA 3armax Jisi cO0aK M KomleK. BririoueHne B MpUMaHKy
MIPa3UKBAHTENIA MOXKET CIIEPKUBATh MTOTPEOJICHNE TPUMAHOK IS JINCHIL] HELIENIEBBIMH MJICKOTIMTAFOIIFIMHU.
[TosToMy ¢ momombi0 (HOTOIOBYIIEK MBI MCCIISIOBAIM CE30HHOE IOTpeOIeHHe MPUMAHOK AT JIMCHIL C
MPa3UKBAHTENIOM MJIEKOMUTAaOMmMUMu B Memypo, paiion Tokaun, Xokkaiino, SInoHus, ¢ mast mo okTsiOpb
2019 . MBI 0OHAPYKHUIIH, YTO JIMCUIBI, EHOTHI, CHOTOBHUIAHBIE COOAKH, MBIIICBHU/IHBIE ITPHI3YHBI H OOBIK-
HOBEHHbIE Oenku (Sciurus vulgaris) 4acTo yrnoTpeOsuld B IMUILY PUMaHKK Juisl Jucuil. ClieoBaresbHo,
ropeyb 1 3arax NPUMaHKH He JIHCTBYIOT 3()(PEeKTUBHO, YTOOBI IIPEAOTBPATHTH €€ ITOTPEOJICHNE HEIIEIEBBIMH
MIIeKoHTalomuMu. Hambomnee 9acTeiMi IOTPEOUTEISIMA TIPUMAHKHA OBLUTH €HOTOBUAHBIC COOaKu. EHOTHI
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¥ OEJIKH TaKXKe 4acTo noeaajv mpuMaHKy, 0COOEHHO BECHOI U OCEHBIO COOTBETCTBEHHO. DTHU PE3ybTaThl
CBUACTCIILCTBYIOT O KOHKYPCHIIMU 3a TPUMAHKU JAJIs JIMCUILL CO CTOPOHBI HELICJICBBIX MJICKOIIUTAOIIUX, YTO
CJICAYCT YUUTHIBATH NIPU IJIIAHUPOBAHUN KaMIIaHUH 110 ACTCIbMUHTU3AIINHN.

KJIFOUEBBIE CJIOBA: aHTUTreIbMUHTHBIN MPa3uKBaHTEN, 9XMHOKOKKO3, THUcHLIa, Vulpes vulpes.

Introduction

Echinococcosis is a serious zoonotic disease
caused by the metacestode stage of Echinococcus
multilocularis, which is parasitic to human organs,
especially the liver and kidney (Yamashita & Kamiya,
1997). This parasitosis is widespread in the Northern
Hemisphere (Soulsbury et al., 2010). In Hokkaido,
Japan, the life cycle of E. multilocularis relies on the
red fox (Vulpes vulpes) as the main definitive host with
the main intermediate host of murids, such as the gray
red-backed vole (Craseomys rufocanus) (Tsukada, 2005).
Humans are also intermediate hosts after oral ingestion of
E. multilocularis eggs shed by red foxes (e.g. Yokohata,
2015). Each year, 15-20 people are newly diagnosed
with echinococcosis (e.g. Hokkaido Government, Japan,
http://www.pref.hokkaido.lg.jp/hf/kst/kak/0000contents/
ekino/index.htm). The infection rate of red foxes in
Hokkaido is estimated at 40% (Nonaka, 2014). Thus, it
is important to prevent from E. multilocularis infection
in red foxes.

A fox bait with anthelmintic praziquantel has been
identified as an effective strategy to decrease the preva-
lence of E. multilocularis in red foxes (Takahashi et al.,
2002; Hegglin et al., 2003; Romig et al., 2007; Konig
etal.,2019). In fact, in Hokkaido, the baiting campaign
has been successful in reducing the infection rate of
E. multilocularis in red foxes (Tsukada, 2005). However,
long-term baiting is necessary to maintain a low infection
rate (Hokkaido Government, 2007).

In the agricultural area of eastern Hokkaido, Takyu
et al. (2013) reported that fox baits without anthelmintic
praziquantel are often consumed by non-target mam-
mals, such as domestic dogs (Canis lupus familiaris)
and cats (Felis catus). Recently, in the riparian forest of
the agricultural area of eastern Hokkaido, Arisawa et al.
(2020) also experimentally demonstrated that raccoon
dogs (Nyctereutes viverrinus albus), raccoons (Procyon
lotor), domestic cats, and murids consumed fox baits that
did not contain anthelmintic praziquantel. Therefore,
these species may compete with red foxes for the bait.
If they frequently consume fox baits, the red fox baiting
campaign may not be effective. Bernachon et al. (2014),
however, reported that the anthelmintic praziquantel has a
bitter taste and an unpleasant odor to dogs (Canis lupus)
and cats (Felis catus). The bitterness and smell of the bait
are expected to reduce bait consumption by non-target
mammals. In the present study, we examined the effect
of anthelmintic praziquantel on bait consumption by wild
mammals in agricultural areas in eastern Hokkaido. The
experiment was conducted in Memuro, Tokachi District,
Hokkaido, where Arisawa et al. (2020) had previously

undertaken similar experiments using baits without
anthelmintic praziquantel. We compare our results with
Arisawa et al. (2020).

Material and methods

Study area

This study was conducted in the agricultural area of
Memuro, Tokachi District in eastern Hokkaido, Japan
(42.88°N, 142.98° E, see Fig. 1), as described in Arisawa
etal. (2020). The average temperature and precipitation are
6.1°C and 957.3 mm, respectively (Japan Meteorological
Agency, http://www.jma.go.Jp/jma/menu/report.html).
Arisawa et al. (2020) reported on many mammal species,
the potential non-target, here. We targeted our investigation
in riparian forests along the Shibu-san River. Following
Takyu et al. (2013), atransect line of approximately 5.0 km
was established along the Shibu-san River. Ten study sites
were established at approximately 500 m intervals (Fig. 1).

Baiting and camera trapping
The bait was created following the methodology of
Takahashi et al. (2010). The bait ingredients included:

Fig. 1. Study area in Memuro, Tokachi District, Hokkaido,
Japan. This is a modified figure previously published by
Arisawa et al. (2020). The numbered white circles indicate the
location of the study sites. The white line indicates the Shibu-
san River. The map is based on an aerial photograph published
by Geospatial Information Authority of Japan.
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palm oil, sunflower oil, and fish meal, and anthelmintic
praziquantel. The weight of each bait was approximately
15 g (44 x 44 x 15 mm).

According to Takyu et al. (2013), at each study site, we
placed five baits on a wooden board (450 x 300 x 2.5 mm)
on the ground. We set a camera trap (FieldnoteDS6010,
Marifu Co. Ltd., Japan) approximately 3 m from the
board. The camera trap was fixed on the trunk or bough
of a tree at approximately 150—-170 cm in height. The
study period was from May to October, 2019. Each
month, we surveyed the fox baits and camera traps for
seven continuous days with an interval of two to three
weeks between each survey. During the survey period,
we monitored the camera trap and daily bait consumption
and replaced any consumed bait with fresh bait.

Data analyses

Following Arisawa et al. (2020), we divided the data
into three seasons: spring (May and June), summer (July
and August), and autumn (September and October). We
compared seasonal variations using a Chi-squared test.

We counted the number of photographs of each
mammal species captured by the camera traps. It
was difficult to identify each individual, therefore we
followed the methodology of Zlatanova & Popova (2018)
to avoid counting multiple photographs of the same
individual as possible. We did not include any subsequent
photographs made within 20 min of an initial photograph,
unless it was of a different species. When more than one
individual was photographed at the same time within
20 min, the maximum number of individuals taken in
any one photograph was recorded, following Iwashita et
al. (2015). In addition, we calculated the disappearance
rates of baits each season. We counted the number of
missing baits at each study site and then calculated the
disappearance rate as follows:

bate disappearance rate = the total number of bates
that disappeared for each season / the total number
of bates placed for each season (50 baits x 7 days x
2 months = 700 baits) x 100%.

Following Ishida et al. (2014), we determined wheth-
er photographed species were baits consumers by analyz-
ing the sequence photographs of each individual. When
the number of bait had decreased after the mammal left
the study site, we regarded the individual as a consumer
and counted these cases as “estimated consumption”. In
addition, when the camera trap captured the mammal
eating the bait, we counted these cases as “certain con-
sumption”. To analyze the reliability of “the estimated
consumption”, we compared “estimated consumption”
with “certain consumption” using a Chi-squared test.

Results

In a total of 42 trapping days, the camera traps
comprised 97 photos of red foxes, 88 raccoons (Procyon
lotor), 326 raccoon dogs (Nyctereutes viverrinus albus),
75 murids, 237 Eurasian red squirrels (Sciurus vulgaris
orientis), 11 weasels, 14 birds, 11 domestic cats, four sika
deer (Cervus nippon yesoensis), three brown bears (Ursus

arctos), three bats, one Siberian flying squirrel (Pteromys
volans orii), and six unidentified mammals. It was difficult
to identify the species of murids, weasels, birds, and bats.
Based on the number of photos, we categorized animals
into six main groups: red foxes, raccoons, raccoon dogs,
murids, Eurasian red squirrels, and others.

Raccoons, raccoon dogs, and Eurasian red squirrels
were photographed at every study site. Red foxes and
murids were photographed at nine sites. The proportions
of'animal species photographed were significantly differ-
ent between spring and summer (y>-test, p < 0.001) and
between summer and autumn (y>-test, p <0.001) (Fig. 2).
Red foxes were more frequently photographed in autumn
(n = 44), which was twice as many as in summer (n =
22). The number of photographed raccoons decreased
from spring (n = 39) to autumn (n = 18). The frequency
of photographed raccoon dogs increased four times
from spring (n =39) to summer (n =149), and decreased
slightly in autumn (n» = 138). The number of murids
photographed in spring (n = 33) was similar to that in
autumn (n = 29), but murid numbers in summer were
lower (n = 13). The frequency of Eurasian red squirrels
photographed in spring (n = 68) was similar to summer
(n = 68), but radically increased in autumn (n = 100).

The estimated consumption by red foxes was 25,
raccoons was 27, raccoon dogs was 85, murids was 26,
Eurasian red squirrels was 101, and others was 9. The
certain consumption of bait by red foxes was 11, raccoons
was 12, raccoon dogs was 42, murids was 13, Eurasian
red squirrels was 29, and others was 9. The estimated
consumption was not significantly different from the
certain consumption (y*-test, p > 0.05). Therefore, we
considered both consumptions revealing similar in trends
and will collectively use the term “the bait consumption”
in our findings (Fig. 3).

The bait disappearance rate was 70.1% in total.
Seasonal disappearance rates were 55.1% in spring,
87.4% in summer, and 67.6% in autumn (Fig. 3). The
proportions of the bait consumed by mammals were
significantly different between spring and summer
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Fig. 2. Seasonal change in animals photographed by the
camera-traps from May to October, 2019 in Memuro, Tokachi
District, Hokkaido, Japan.
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Fig. 3. Seasonal change in mammals detected as fox bait
consumers from May to October, 2019 in Memuro, Tokachi
District, Hokkaido, Japan. The dotted line provides the seasonal
change in bait disappearance rate (%).

(yx*-test, p < 0.001). There was no significant difference
in bait consumption by mammals between summer and
autumn (y>-test, p > 0.05). The bait consumption by red
foxes was lower than other species (n =11 in spring, n =
8 in summer, and » = 17 in autumn). In the total of bait
consumption by all mammals, the bait consumption by
red foxes was 1.7%. The bait consumption by raccoons
decreased from spring to autumn, with raccoons most
frequently consuming baits in spring (n = 21) (Fig. 3).
Raccoon dogs showed higher bait consumption than
other species (n =19 in spring, n =55 in summer, and n =
47 in autumn). Murids showed lower bait consumption
than all other species (n =18 in spring, n =5 in summer,
and n = 16 in autumn). Eurasian red squirrels were the
second highest bait consumers (rz =25 in spring, n = 44
in summer, and » = 47 in autumn).

Discussion

We identified that the fox bait containing anthelmintic
praziquantel were mainly consumed by red foxes, raccoon
dogs, raccoons, murids, and Eurasian red squirrels in the
agricultural area of eastern Hokkaido. Arisawa et al.
(2020) reported that the fox bait without the anthelmintic
praziquantel was consumed by red foxes, raccoon dogs,
raccoons, and murids were a bait consumer. Interestingly,
despite the addition of the anthelmintic praziquantel,
we detected one additional bait consumer, Eurasian red
squirrel. Although Bernachon et al. (2014) reported that
anthelmintic praziquantel has a bitter taste and foul odors
to dogs and cats, it is doubtful that it is offensive to many
mammalian species. The results show the anthelmintic
praziquantel does not reduce bait consumption by non-
targets. If baiting of red foxes is to be practical, this
consumption needs to be reduced or eliminated.

The total bait consumption by raccoon dogs, raccoons,
murids, and Eurasian red squirrels was higher than red
foxes. A protoscolex of E. multilocularis parasitizes the
small intestinal mucosa of raccoon dogs, but does not
reach complete maturity in Hokkaido (Oku, 2010). In
Europe, however, Schwarz et al. (2011) reported that

raccoon dogs introduced from East Asia were a definitive
host for E. multilocularis. Therefore, baiting raccoon dogs
may effectively prevent echinococcosis from spreading.
The introduced raccoons in Hokkaido (Ikeda, 2015),
are not principle definitive host of E. multilocularis
(Asakawa et al., 2000). However, Arisawa et al. (2020)
suggested that competition for the baits by raccoons
reduce the volume of baits available for red foxes. In
this case, the baiting campaign may not be effective in
preventing echinococcosis in the red fox populations of
Hokkaido. For an effective baiting campaign, we need
to decrease the bait consumption by raccoons. Our
results suggest the frequency of raccoons consumption
decreased from spring to summer. In the agricultural area
of Hokkaido, raccoons are thought to consume more
nutritious feedstuff in spring with more natural resources
available (such as fruits and nuts) in summer and autumn
(Yamaguchi, 2015). Therefore, raccoons might appear
more frequently into agricultural areas in spring than in
summer and autumn. Eurasian red squirrels appeared at
all survey sites, and their bait consumption increased
from spring to summer. Additionally, Eurasian red
squirrel behavior may reduce opportunities for red foxes
to consume fox baits. Similarly, murid bait consumption
may impact bait availability for red foxes.

In the total of bait consumption by all mammals, the
bait consumption by red foxes was 1.7%. In a previous
study in Koshimizu Town, Hokkaido, the percentage
of baits consumed by red foxes was 38.3% when the
fox baits were placed around red fox dens for one year
(Tsukada et al., 2002). Although it is difficult to directly
compare with these results because of the different
experimental conditions, the fox bait consumption
detected in the present study is low. To increase the
consumption of fox baits by red foxes, the impact of
non-target mammals needs to be decreased.

Fox bait disappearance rates differed between seasons,
with a relatively higher rate in summer (87.4%). The
total number of mammals that consumed the fox baits,
however, was higher in autumn than that in summer. In
autumn, the highest fox bait consumption by red foxes
was observed, but also by Eurasian red squirrels. In the
present study, the fox bait consumption by Eurasian
red squirrels was much higher than the consumption
by red foxes. Eurasian red squirrels frequently store
food underground during autumn, such as nuts and corn
(Gurnell, 1987). The increase in the number of fox bait
consumption by Eurasian red squirrels in autumn may
be related to their food hoarding behavior. Therefore, in
autumn, Eurasian red squirrels may prevent red foxes
from obtaining the fox baits in Hokkaido by competition.
When we conduct a red fox baiting campaign to red
foxes, it may be necessary to consider consumption
for the baits by Eurasian red squirrels in autumn and
raccoons in spring.

Conclusion

In the present study, fox baits with the anthelmintic
praziquantel were mainly consumed by red foxes,
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raccoon dogs, raccoons, murids, and Eurasian red
squirrels in the agricultural area of eastern Hokkaido.
Raccoon dog, which is thought to be one of principle
definitive hosts of E. multilocularis, consumed the fox
baits more frequently than other species. Raccoons and
Eurasian red squirrels also frequently consumed the fox
baits in spring and autumn, respectively. These species
may compete with red foxes for the bait. Therefore, for
efficient red fox baiting campaigns in the future, we
must manage bait consumption by non-target mammals.
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